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gone rigorous criticism and esamination. After some remarks 
upon the organization of such supervision tlie reporter ternii- 
nated by wishing success to tlie esperiineiiters. 

The reading of reports having 1)een c~oncluded. M. Burelle, 
President of the Congress, tlieii arltlresseil tlie reporters :iid 
said that the question of the emplopneat of ivmiioii ngaiiist 
hail presents itself uiiiler coiiditioiis such tliat lieitslier science 
nor agriculture can afford to ignore it. Aiiiiuatetl by this 
thought he submitte(1 to tlie vote of tlie congress the follow- 
ing resolution: 

Tlie Third International Congress on Hail Shooting, akseinbled at Lyons. 
November 15, 16, and 17. 1901, after having listened to the repnrts and 
the results obtained during the year 1901, in France, Austria. Hungary, 
Italy, Spain, Switzerland. and Russia, comes to the conclusion that the 
question of protection against hail is worthy of the attention and study 
of scientists and the confidence and hopes of agriculturists. 

The congress ailppted this resolution, together with several 
others, relative to tlie orgaiiizatioii of the zoiien of xliooting. 

rONYERENCE AT GRATZ, 1!)02. 

After the Congress of Lyons n calm succeedetl to the gen- 
eral effervescence ant1 the protection of crops by cnnnonntliag 
did not experience any notalde increnne. AH regards France 
we iuay judge of thin by tlie sinnll increase in tlie llUllllJer o f  
cannon in Beaujolais, viz.: 3.10 cvuiiioii in 1901; 357 iii 1909. 
However, in this coiiiieetinii an interrntiiig event tool; pl:we. 
viz., tlie meeting at  Gratz (Styris) which WAS a ooiifereiice of 
experts under tlie :iuspicew of tlie Auntrinii Minister of Agri- 
culture.1 

It would occupy too much time nai l  space to enter in detail 
into the reports, expeiimeiits, niid ihcussions with which tlie 
sittings were occupied, w e  shall, therefore, only call ntteiitioli 
to the following table, which sumin&zes well aiitl lwietly the 
results of tlie 1al)orn of the conference: 
Number of experts in whose opinion cannonading is efficcwioiis ..... 
Number of experts i!i whose opiuion the efflr*acy is still rloiibtful, I:iut 

Number of experts in whose opinion the efticac.y is only clnnbtful. . .  
Number of experts in wliose opinion the efficacy is not only doubtful, 

Number of expert.s in whose opinion crtnnnnailing is entirely inrffi- 

8 

probable ...................................................... I 
13 

but improbable ................................................ 16 

carious.. ...................................................... 5 

5.l I 

(:0)L(.liiX10)t.-Tlie preceding 1)nragraphs present as briefly an 
possible, the surcesnive phases of tlie receeiit efforts iiiaile iii 
Europe to destroy hnilxtorins by the aid of cannon. A siiiiple 
comparison of the rtportn aiid cone-lusioiis which have appeared 
annually from 1898 to 1903, is very iiintructtive ani1 calls forth 
the following important remark, viz, that the thoaglitlens and 
ill-informed enthusiasm which ilistorted the first dincunnioiis 
on the efficiency of cannonading against hail has gradually 
given place to the calmer and inore serious judgment which 
led the Congress of Lyons and still more the Conference of 
Gratz to conclusions more ratioiial and more in liarnioiiy with 
the nature of tlie pheiioinenn to he investigated as well :is of  
observed facts. 

It would be easy to explain tlie origin ant1 spread of the first 
enthusiasm; why many sincere people were coiiscientiously 
brought to judge too favorably of esperimeiits which did not 
prove anything; but that would lead to too much detail. The 
general statement, above given, which constitute, so to speak, 
the abridged history of the bombarclineat with Cannon ag:riiist 
hail, will sujiioe to show how circumspectly we must proceed 
when we wish to judge of the efficacy of liumaii intervention 

I This is published in full in an appendix to the annnnl volume Icir 19& 
of the Central Institute for Meteorology and Terrestrial Magnetism. 

against the great forces called into play by nature for the 
production of thunderstornis. They also show that we should 
not discount too cluictkly tlie advantages that we may hope to 
ilerire from such enterprises. If it were necessary to conoluile 
by B plain niivarninhed adiuonitioii, the following is what I 
would say : BIJJJW i r ) t d w t a k i t y  t h ~  1irotPdio)t t!f ymr w n p  by 
r n t t  tioiindi)ig, trait t r t r t i l  that tnr~tltnrl f!f 1 I ) U t P C t i f l ) t  has .ftrrtii&d 

p o d  redtr  i r t  ct)ir)tlt-it,s tt*Iwr~ it is ) tu tu  1wi)iy f r i d .  

S T U D I E S  AMONQ "HE SNOW C R Y S T A L S  DURING THE 
W I N T E R  OF 1801-2, W I T H  ADDITIONAL DATA COL- 
LECTED D U R I N G  P R E V I O U S  WINTERS. 

By Mr. \ V I I . W ~  A. B m T i . R Y ,  d l a t r d  Jericho, Vt., June 10, 1'902. 

At the request of the Editor, I gave in the MONTHLY WFATHER 
REVIEW, for May. 1901, a brief sketch of my twenty years of 
study niiiong snow crystals, illustrating it by about twenty- 
five esnmples of photoniicrograplis of snow forms. He de- 
sired me to give n t  that time n inore complete account of niy 
studies and also wished for a niiicli greater number of photo- 
micrographs for illustration. I WBH uiinble to accede wholly to 
his request, but I offered to devote inyself during one or more 
succeeding winters to tlie gathering of all the data and pho- 
tomicrographs possible and furnish material for a inore coin- 
plete account; iiiy earliest desire being that 1 might, in this 
manner, coiltribute niy mite to the general fund of scientific 
knowledge. No time, pains, or espense hare been spared to 
innke this sketch of the p s t  minter's work as complete LR 
possible. 

It is sincerely hope11 that the reproduction of the photo- 
micrographs of these marvelously beautiful objects of nature 
will give great pleasure to many students. Possibly both 
pliotoniicrogrnplis nail test! may be of some positive value in 
an eilucntional wily. calling the attention of both the specialiRt 
and the general public to these most interesting esnmples of 
the haiiiliwork of nature. and to the mysterious laws by which 
they are evolved from the invisible nncl seemingly unintelli- 
gent particles of matter, called water vapor, floating in our 
atmosphere. 

I am greatly indebted to the Chief of the Weather Bureau, 
and to Mr. John W. Smith, Wentlier Forecast Official for New 
England, for weather i n n p  furnished or loaned to me, and to 
Mr. E. H. Nash for iavalunble services rendered iiie in chnng- 
ing and numbering axposecl plates, so that more time coulcl , 
be devoted to the searcli for, aiid tlie photographing of, the 
forms. 

Tlie eiidenvor has always lwei1 iiiaile to secure characteristic 
sets of l~liotomicro~rapli~ froiii each storm; get, singularly 
enough, this proved the most clitficult task of all. because the 
old habit of seeking for tlie beautiful and interesting, rather 
than the characteristic types, W ~ R  very ditlicult to overcome. 
For this reason, I fear the winter's photographic recortl por- 
trays far inore fully the general character of the beautiful and 
interesting than it does the broken or unsymmetrical types. 
And yet there are few-. perhaps, wlio after viewing the feast of 
beauty filling these pages will regret our shortcomings in this 
regard, especially as the general cliarncteristics of the forms, 
from time to time, are given with soiiie fulliies~ in the ac- 
companying text. 

The winter of 1901-2 proveil to 1.w extremely favorable for 
our work nail the number of photomicrographs (over 200) was 
iiiucli greater than that secured during any previous winter; 
tlie forms also greatly esceeded in beauty and interest the 
contributions of any other single winter. The dates and char- 
acters of the several snowstornis are given in Table 1. Beau- 
tiful aud perfect forms occurred on twenty-one different days 
as against ten for the winter of 1900-1901, which was the nest 
most favorable on record. 
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Photomicrographs of Snow Crystals. 
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SSY l l ! ) .  Photomicrographs of Snow Crystals. Plate II. 
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Photomicrographs of Snow Crystals. Plate TTI. 
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sxx--121. Photomicrographs of Snow Crystals. Plate IV. 
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xsx--122. Plate V. Photomicrographs of Snow Crystals. 
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Plate VI. \ . \  / ' I  Photomicrographs of Snow Crystals. 
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Photomicrographs of Snow Crystals. Plate VII. 
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Photomicrographs of Snow Crystals. Plate VIII. 
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Photomicrographs of Snow Crystals. Plate IX. XXX-196. 

1 I 

no 

1 
’- 

I 

C e 1 
I 

0 
772 



XX X-127. Photomicrographs of Snow Crystals. 
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xxx- 128. Photomicrographs of Snow Crystals. Plate XI. 
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Photomicrographs of Snow Crystals. Plate XII. 
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xxx-130. Photomicrographs of Snow Crystals. 
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xxx-13 1. Plate XW. Photomicrographs of Snow Crystals. 
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Photomicrographs of Snow Crystals. 
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SSS-1XI. Photomicrographs of Snow Crystals. Plate XVI. 
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Photomicrographs of Snow Crystals. Plate XVII. 
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XXX-135. Photomicrographs of Snow Crystals. Plate XVIII. r L I 
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XXX-136. Photomicrographs of Snow Crystals. Plate XIX. 

. . - -, 

889 

I r 

892 1 

I 

895 

I 898 

I -- 
I 890 

893 I I 

I P 

I 
I 

899 - 

.r-7 

. 
891 

897 



xxx-137 Photomicrographs of Snow Crystals. Plate xx. 
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XXS-138. Photomicrographs of Snow Orystals. Plate XXI. 
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Plate XXII. SSS-l:l!). Photomicrographs of Snow Crystals. 
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TADLE l.-Meteorologicd dntn for momstorme. 
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A l i d  of the dates and serial nunibers of selected photo- 
micrographs is given iii Table 2 ;  this list includes all that 
were taken during 1901-8, and sonie interesting forms plioto- 
graphed in previous yeam. The data secured during the 
winter of 1901-2 are very instructive, not only because of the 
great number of snowstornis and the variety of the weather 
conditions prevailing therein, but also because our st,ucly of 
the weather maps'in connection with tlie data allowed of the 
attainment of milch more complete and exact results than 
otherwise would have been possible. It may Be noted that, in 
general, the data and photomicrographs secured tend to further 
confirm the observations and conclusions arrived at  by virtxie 
of the studies of previous gears. 

We have not yet attained to any positive knowledge, but 
have been able to frame plausible hypotheses as to the conrli- 
tions or factors governing the occurrence of the niiclear fornix; 
we are still kept in doubt as to why columnar nuclei are pro- 
duced at  one time and tabular nuclei a t  other times. In  
general our data tent1 to further confir111 the conclusions of 
all observers, that a more or less intimate coiinection esists 
between form and size of nuclei, ant1 the altitude and temp- 
erature of the air in which the crystah f o r i i i .  There can he 
no longer any doubt that there is a geiieral lam of distribu- 
tion of the various types of crystals throughout the different 
portions of a great storm. On this point the data secured, l.wt11 
1.y direct olservation and 11y a s t idy of the weather maps, 
are iiiuch more complete and satisfactory tlinn has ever before 
been published. This aspect of our study received special 
consideration, became it was thought to be most important. 

Snowstorms often cover a region of vast estent; crystaliza- 
tion is going on within them over nearly tlie whole area, ani1 
therefore in regions that differ greatly among themselves as 
to temperature, humidity, air density, electrical coiiclitions, 
etc. Moreover, the kind, number, dimensions. altitude, niitl 
density of the clouds within those various regions differ so 
greatly one from another that the snow crystds eiuniintiug 
froin each region furnish us rare opportunities for observing 
sncl studying the effects of encli of these \.nrinnn cnnclitioiis 
upon the forms. 

The accompanying weather map for 8 a. iii., December 4, 
1901 (fig. l j ,  shows quite clearly the great estent of our winter 
snowstornis, and the very various weather coiiditionn prevail- 
ing within them. Perfect R ~ O W  crystals were falling over 
northern Vermont wheii this map was drawn, am1 the location 
of the low, or storm center, as regards our locality at Jericho, 

l j  /b.m 

Fn:. l.--Wenther i m p  of December 4, 1901, R a. in. 

Vt,' was approximately identical with that of the positions of 
most storm centers when perfect forms have occurred. Perfect 
crystals emanated from the southwestern portion of this storm, 
and, in general, the great ninjority of perfect forins are pro- 
duced within the western, southwestern, or northwestern por- 
tions of such widespread storms. 

Jericho is ahout 15 miles east of Burlington, Vt. 
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TABLE S.-C!hronological list of &e8 of lthoto.iiiicrogrfl~th~. wilh c.orrrqtotrr1- 
iirg eerkil mtnberw. 

Tidle 3 gives the number of occurrences of perfect forms and 
of other types within the respective quadrants about the storm 
centers chriiig the four winters 1897-98 to 1901-2, inclusive, 
so far as shown by 1)hotoniicrograplis. The whole number of 
such storms depositing perfect f o r m  at our locality was 64. 
As will lie noted, about fire-sixths of the perfect forms occur 

within the west and north quadrants of great storms. Their 
itppearitnce within other portions, especielly within the south 
and southeast qiiailrants, is rare indeed. 

The classification 1)s form and structure of the mrious types 
referred to in this and the following tables will now be de- 
scrilied hiefly. Prof. Cf. Helliiin~m'~ fundnmental classifica- 
t,ion is perhaps the best.. H e  divides the forms into two great 
classes, the C r j l i o ) o / n r *  nnd tlie Inhirlnr.. No. XS7 is a good es- 
wnple of the columnar: Nos. 71(; and 746 illustrate the tnbular. 
while No. 777 presents good esaniples of both. For conveii- 
ience these two funclanientrd types may be divided into sub- 
varieties and the classification adoptecl by Scoresby and others 
iiiay be used for this purpose. 

The solid tabular forms will be denomiiiated l a t w h r .  (See 
Nos. 746 ani1 850.) The crystals of more or less open structure 
possessing solid tnliular nuclei, for want of a better name, willbe 
referred to as xtdlrrr - .  (See Nos. 709 sac1 731.) Those possessing 
centrally open structure and devoid of solid talmlnr nuclei, re- 
sembling ferns, are tlie.fw~a-sfrlln,: (Sea Nos. 842,920, and 737.) 
The columnar forms coniiectiag one or more talmlar crystals 
are classitiecl as dr>ultlds (see No. W l ) ,  tlie estrenielg long needle- 
shaped columnar forms (see Nos. 700 iiiid 227) will be rlesig- 
nateil as r~t~dlwltnprcl or riwdilcir (classified by Scoresby as 
spicular.) It is to be noted that there are other forms whose 
structures entitle them to be considered ax distinct types, but 
they occur so rarely that excepting the granular foriiis they 
will not be considered in the following analysis. (For esamples 
of granular-covered crystals, see Nos. 529, 700, 704, ~ i i d  807. ) 

We have now to consider the relntrive frequency of the ap- 
pearance of these various types, in both local and general 
storms; their occurreiice and distribntion throughout the vari- 
ous portions of great storiiis; their relation to various cloud 
strata, their occurrence during various degrees of cold, etc. 

Table 4 gives approximately the relative frequency of occur- 
rence of the vaiioiis types within each quadrant of the general 
storms, and also of the local snowfalls of the winter of 1901-2. 

TABLE 4.-- Frqrwticy of type8 of motu cryat& iti 5.3 generccl atornls. 
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It is to be regretted that the data regarding local storm 
types are not more estensive; but as weather maps were only 
available for the past winter (1901-8) it was thought best to 
construct tables for the data secured during this one winter. 

A comparison of the relative frequency of occurrence of the 
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various types' within local and general storms, as given in 
Table 4, reveals great differences. The preponderance of the 
branching open structure crystals nncl granular fornis will be 
noted, and it niay be added that siich types actually forin $1 
larger percentage of the total mass of the crystals tlinii is 
indicated by the figures of the prececling table. 

Most of the earlier observers meiitioii the cloublets as oc~ur -  
ring very rarely. This seems to be not true as regarcls our 
locality. I have ol~.ervecl them quite freqiiently. A nuiuber 
o f  instances liltre collie under my own observation, where 
nearly the whole snowfall, for many houis together? consisted 
of such foriiis. Prof. Jaiiies C!. Shedil, of C!olorndo College. 
Colo., who made a study, during tlie winter of 1901-2, of the 
snow forms occurring at his locdity, mentions finding doublets 
ou two occasions during this winter. 

The apparent connectioii between the teiiipernture of the 
ibir and the frequency of the appearance of the rnrious fornirs 
is plainly indicded in Table 5. 

TABLE 5. 
-. . . . .  . . 
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It is worth noting that during ((cold " snowfalls the solid 
columnar and tabular forms appear in nearly eqnnl 111u11bers 
with the inore open stellar ancl fern-like rnrieties, nncl consid- 
erably oiitnuinber the graniilar foriiis. 

A comparison of the frequency of occurrence of the foruls 
during various milder temperatures is most interesting and 
instruct' a ive. 

The results, RN given in the preceding tables, arrived at by 
B study of the data secured during the four winters of 1808-99 
to 1001-2, inclusive, in regard to the relative frequency of 
occurrences of the various types ancl the apparent connection 
between size and forin ancl the air temperatures, agree in gen- 
eral with the results arrived at  by inany other meteorologists 
and observers, Both in Europe and America, as set forth in the 
work Sclineekrpstalle, by Dr. (4. Hellmanu, Berlin, 1803. L' 

Doubtless the actual connection between foriiis and sizes of 
snow crystals ancl the temperature and density of tlie air is 
much more intimate than our present knowledge would in&- 
cate, because our studies are based on air temperatures a t  the 
earth's surface, instead of in the cloucl strata where the silow 
crystals form. The teniperature nitby often Le mild at  the 
earth's surface when the crystills are clewloping at  high dti- 
tucles where the cold is intense, and such crystals shoulcl be 
classed with those deposited during extreme cold. 

The frequency of the occurrence of each type within each 
cloud stratum, one above the other, is given in Table F. This 
table gives only the results obtained during the past winter, 
and it will be noted that the cirrus ancl cirro-cuniulus clouds 
have deposited no snow crystals. These clouds, when occur- 
ring alone, very rarely i f  ever deposit crystals of sufficient size 
to fall to the earth. 

Table 6 gives but approsimate results and niap be sometimes 
misleading, because when nimbus or stratus clouds are present 
the existence of cloucl strata lying above the lower clouds can 
not be certainly determined, but have been inferred from gen- 
eral considerations. 

G .  Noidenskiold. Prelinrinai-t nieddelandc roraudc cii undersokiiiiig 
siiokristrllcr. Af 0. Noidenskiold. Foren. i Btc~alihol~ii Forhendl. Rtl. 
15. Haft 3. 1803. (Guol. Society of Hwcdcii 146-158 riiid Tnfcl 6-21;.) 

TABLE 6.--Bmeral f r q m y  of o r e u m c e  of the variozcs types of snota 
crystale diwing 6Y mwwfalle in the winter of 15VL.2. 

...... .. 

In general the snow forms are most frequently precipitated 
when two or more cloud strata esist. 

During great storms, especially whenever perfect forms are 
being produced, such as are protrayed in the following pages, 
the presence of two-cloud strata is almost n l ~ a ~ ~  indicated; 
ani1 much more frequently might these be inferred from Table 
5, which gives cloucl data for both local and miscellaneous 
snowfalls, rather than for great storms producing perfect forms. 

It may be of interest to briefly clescribe the probable num- 
bers and characters of the various cloud strata and the types 
associated with each. Iu general, there are present two great 
cloucl divisions, lower and upper. The lower clouds are drift- 
ing spirally inward toward the storm's center; the upper 
~-louds, which often estencl outward far beyond the lower 
clouds and the area of precipitation, are drifting outward 
away froin the etorm center. Within the central regions of 
the utorm, ancl also within detached portions of the outer re- 
gions, tlie ascension and horizontal expansion of the lower 
eloucls forin vast masse8 of htermediate aud upper clouds. 
In  the eastern and southern regions the upper clouds flowing 
outward, or more nearly with the average eastward drift of 
the whole atmosphere in our latitudes, naturally move fastest, 
nnd estencl farther outward than do such clouds within the 
other segments of the storm. The relatively warm moist air 
flowing horizontally inward below these upper clouds, does 
not usually ascend in mass, until it approaches the storm's cen- 
ter; heme, the lower cloud strata within these segments are 
inconsiderable. consisting usually of but small detached masses 
of swiftly moving nimbus clouds. It may be assumed that 
these two widely separated strata will each sparingly shed 
the types of crystals that seem to be appropriate to each, i. e., 
the upper clouds will shed the small solid coliimnar or tabular 
forms ; the lower clouds, the frail branching tabular crystals. 
It may also lie assumed that near the center of the storm, 
these two varieties will reach a more complete development, 
and be of larger size ancl that other varieties (especially gran- 
ular forins) will be associated with them. 

Within the northern segments of a storm the relatively 
cold, inflow-ing lower air will be heavier, and will not exhibit 
8s strong a tendency to ascend as do similar lower currents 
within other portions of the storm; hence, the production of 
snow crystals will usually be much less here than elsewhere. 
Probably a portion of the great mass of ascending and sub- 
sequently chilled air of the central portions of snowstorms 
flows outward and downward within the northern portion of 
the Btorm and forms a vast cloud, covering intermediate and 
other altitudes. These various horizontal cloud strata will, it 
is assumed, allow of the formation of a great variety of me- 
clium and small sized crystals of both the columnar and tabu- 
lar varieties. Within this northern portion of the storm many 
of the crystals will probably undergo development while slowly 
drifting horizontally, or slowly descending. 

ANALYSIS OF 1:LOITD DATA. 
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The clouds within tlie western segnient of the storm are not 
likely to differ greatly from the northern, except in so far RR 
the lower ones exhibit a stronger tendency to ascend. and SO 
far as overhanging upper clouds are sometiiues absent. The 
great variety and vertical depth of the clouds within this seg- 
ment will, however, conduce to tlie formation of a great variety 
of types, and to more complete clevelopment. Oiir data show 
that perfect forms are most coiiinionly produced in this west- 
ern segment of the general storin. I would suggest that pos- 
sibly a partial esplanation of this iiiost interesting result of 
our work may be found in the fact that in this western seg- 
ment of the storm the tendency of the lower c.londs to aweiicl 
aiid the upper ones to descend. inay somewhat neutralize each 
other, producing a caliii within the intermediate cloucl strata. 
This cnlni condition in the intermediate and upper air mag be 
rendered iiiore perfect, because in this segment the outflowing 
upper air and cloud strata tend to flow westward'and meet. or 
oppose, the general eastward drift of the whole atmosphere in 
our latitudes. 

We have now but to consider the central portions of general 
storms. TVe may conclude with much cwtainty that tlie con- 
vergence of large bodies of moist air, either warm or cold, 
causes its general, aucl oftell violent, ascension a t  the center. 
Tlie ascent of this body of vapor laden air around the storm 
center, especially in its southwest ancl central portions, causes 
the formation of imiiieiise continuous cloud masses, reaching 
from the lower cloncls 111' to, and merging into niicl foriiiing, 
both intermediate and upper strata. These great ascending 
cloud inasses allow of the formation of nearly or quite all of 
the various types of crystals. The iiioiRt low cloncls and the 
state of violent agitation conduce to the formation of imper- 
fect crystals ani1 granular formr;. ancl to tlie fractures of the 
crystals. 

n-rHut**rtwE or SNOW ( : H Y ~ T A L ~ .  

The beautiful details, the lines, rods. l-lowery geoinetrical 
tracings and delicate syiiiiuetrically arranged sliadings to be 
found within the interior portions of most of the inore coni- 
pact tabular crystals, and in less degree within tlie more open 
ones, have attracted the attention of nearly all observers mho 
have stndied snow crystals. That these interior details more or 
less perfectly outline preesisting foriiis must have been early 
recognized, yet tlie knowledge as to what they actually were re- 
inained long in obscurity, and a complete esplanatioii of all of 
them is yet to be fouucl. The investigations of Dr. Norden- 
skiold and Cr. Hellmnnii enable us  to form a geueral conception 
as to their true character. These observers discovered thntm 
many of the lines, rods. alii1 otlier configurations within the 
crystals, that add so much to the ljeaiity of tlie forms,  tii id 
which are so plainly revealed in tlie photoiiiicroaral~liR, are 
due to minute inclusions of air. This incluclecl air prevents 
a coniplete joining of the water molecules; the walls of 
tlie resultant air tubes cause the absorption and refraction 
of a part of the rays of light entering the crystal; hence, those 
portions appear darker l y  transmitted light than (lo the otlier 
portions. The softer and broader interior shadings may per- 
haps also be clue, in whole or part, to the same cause, but if 
so, the corresponding inclusions of air must necessarily Le 
much more attenuated and more widely diffused than in tlie 
former cases. We can only conjecture RS to the manner in 
which these minute air tubes and lilisters are formed. It niny 
well be that some of tlieili are the result of a siiclclen and 
simultaneous rushing together of water molecules around the 
crystal from all sides. This might result in the formation of 
closely contiguous parallel ledges, or laterally projecting out- 
growths that are separated froin each other during the initial 
impact by a narrow groove, or air space, but are soon bridged 
over by subsequent growth. Similar contiguous parallel 
growths occur frequently around the angles of very tihort c.01- 

80-2 

uiniiar forms, and lend plausibility to this theory. Air spaces 
also exist within columnar forms, as noted by Hellmann and 
Nordenskiold. They seem to occur within such forms as hol- 
low cup-like estensions, projecting perpendicularly within them 
from each of the ends of the crystals. Their presence is 
strongly indicated in soiiie of the photomicrographs of such 
foriiis illustrating this artside. (See Nos. 777 and 857.) 

IIODIFICATIONS OF YOHBIB OF SNOW CRYSTALS. 

We now pass on to the study of the modifications that the 
typical fornis undergo during their growth within the clouds. 
This aspect of our study is peculiarly fascinating. 

I assume that tlie configurations of the exterior portions of 
the crystals siirrounding tlie nucleus must depend largely 
upon tlie initial aiid subsequent movement, .or the flights, 
npward, downward, or horizontally, of the growing crystals 
within the clouds. We niust therefore make a careful study 
and analysis of the interior portions of the crystals, including 
the rods, dots, and lines outlining geometrical forms, that 
add SO much to their beituty and interest. These interior ' 

details reveal more or less completely the preexisting forms 
that the crystals assumed during their youth in cloudland. . 
Was ever life history written in more dainty or fairy-like 
hieroglyphics? How charming tlie task of trying to decipher 
them. 

By'close study of tlie pliotoinicrogral)hs, we find that the 
most coinnion forins o u t h e d  within the nuclear portions of 
the crystals is R simple star of sis rays, a solid hexagon, and a 
circle. The subsequent additions assume a bewildering variety 
of shapes, each of which usually differs widely from tlie one 
that preceded it, and froni the priniitive nuclear form at' its 
center. Bearing in mind, however, the tendency of the cry-  
tals evolved within the upper clouds toward solidity, and 
the tendency of those from the lower clouds to form more 
branching open crystals, our task of deciphering the hiero- 
glyphics, and of tracing thereby the probable flights of each 
indiviilual crystal within tlie clouds, becomes much easier than 
miglit be anticipated. 

Taking photomicrograpli No. 831 as an example, me can pic- 
ture with some certainty its various flights within the clouds 
during each stage of it,M growth. Star shaped a t  birth, it was 
probably carried upward By ascending air currents, and at 
some upper level assumed the solid hexagonal form that we 
see outlined around the star shaped nucleus. Having now 
become heavier, i t  probably descended. and acquired further 
growth a t  soiiie lower level, such as that wherein it had its 
birth . 

judge of its life 
history, as written within its face, i t  originated a t  a high 
altitude and completed its growth wholly a t  low levels. 

Conversely, Nos. 920 and 850 each consnmniated the whole 
of its development within one cloud stratiiiii, No. 930 in the 
lower and No. 850 iii the upper clouds. I n  short, i f  the nuclear 
portion is surrounded by outline details indicding branch-like 
development, we assunie that it acquired its branching additions 
a t  lower levels aud consequently must have descended shortly 
after birth. Conversely, if the nucleus is surrounded by such 
details as constitute solid or compact additions, we may 
assume that it acquired these additions after being wafted ' 

upward into regions much higher in altitude than were those 
wherein its birth took place. 

No. 831 tells R different story. If we 

MOIlIFIt'ATIONX OF FORMS DUE TO OTHER CAUSFS. 

As i t  is generally conceded that winds play an important 
part in modifying the forins of sliOw crystals, let u s  consider 
the probable manner in wliich they operate to accomplish this. 

Aside from causing moclificetions by wafting the crystals 
upward and downward within the clouds to regions varying 
in temperature, huniidity. density, etc., as previously noted, 
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the winds probably cause modifications in other ways. Vio- 
lent winds may prevent a perfect and orderly joining of t,he 
aqueous molecules, causing imperfections in tlie forniH. or 
perhaps amorphous, granular aggregations. 

Again. they may waft greater quantities of water moleculen 
to one or more portions of a growing crystal. causing abnor- 
mal growth to take place around such portions. 

More important still, violent winds often cause fractures to 
occur, especially as regards the branching forms and when- 
ever, as must often happen, subsequent growth takes place 
around and upon such broken crystals, irregular, unsyinnletri- 
cal forms result. Doubtless, we may attribute the origin of 
some of the odd oblong crystals (see No. 565) to tlie fact, that 
crystallization sometimes takes place around and upon a long 
broken branch, or other long portion detached bg fratrtiire 
from some preesisting crystal. Other odd fornis seem to owe 
their ~bnormal character to design rather than accident. Col- 
umnar forms and, in a less degree, small Holid tabular forms. 
being relatively so much heavier and more compact than stel- 
lar and similar branching forms, are much less likely than 
these to be wafted about ttnd to receive modifications due to 
wind action. 

Among the other causes of nioditication of foriiis, we inust 
inention tlie close prosimity of two or more crystals during 
one or iiiore stages of their growth. This close proxiniity 
while developing. would probably cause a greater growth of 
those portions of each contiguous crystal that lie farthest 
away from the crystal closely adjoining, and thus perfect sym- 
met.ry would be impaired. 

Considerable modifications of form are frequently due to 
the aggregation upon the crystals of amorphous or granular 
material, contributed by relatively coarse cloud spherules, par- 
ticles of mist, or minute rain drops. Frail light, hranching 
stellar and other forins are often renclerecl coarse and heavy 
by such additions taking place around and upon every angle 
of the crystals, so that they fall quickly to the earth. 

Perfect crystals are frequently covered over and lilies of 
beauty obliterated by such granular coatings. Granulation 
often proceeds to such a degree, and the true cr.vsta1s are so 
deeply coated over and imbedded within it, that the character 
of the nucleus does not reveal itself, except under the closest 
esamination. Such heavy granular covered crystals possess 
great interest for many reasons; they show when the charac- 
ter of the snow is due to the aggregation of relatively coarse 
cloud particles, or minute rain drops and not to the aggrega- 
tion of the miich smaller molecules of water, presiimably float- 
ing freely about between them. They also offer n complete 
explanation of the formation and growth of the very large 
rain c h o p  that often fall from thunderclouds and other raiu- 
storms, if we accept the conclusion that such large drops re- 
sult  from the melting. or merging together of one or inore of 
the large granular cryrctals. For many reasons (among which 
we mention the almost invariable presence of low cloud strata 
when granulation occurs, and the aggregation occmrring 0x1 
perfect crystals, while these are presumably within the low 
clouds, rather than the occurrence of such aggregations as a 
distinct identity by itself) we are led to infer Bat ,  as a rule. 
the heavy granular covered crystals are peculiarly a product 
of the lower or intermediate cloud strata. 

The dependence of the granular forms upon the presence of 
the lower clouds, will be readily seen by consulting Table 5. 
showing cloud formation in connection with the occurrence of 
the various types of snow crystals. While most granular forms 
possess true crystallic nuclei, there is reason to suppose that 
they sometimes form directly from the particles of cloud or mist. 
PROBABLE CHARACTER OF THE JIATERIAL, AND MANNER OF JOININO THE 

MOLECULES OF WATER DURING THE FORMATION OF THE CRYSTALS. 

This interesting department of our study is necessarily a i d  

largely suggestive in character, as no one has yet or, indeed, 
ever can actually see the extremely minute water particles 
riisli together and form themselves into snow crystals. While 
it is true, in general, that snow crystals forin within the clouds, 
yet it does not by any means necessarily follow that the true 
crystals are built 111) by the aggregation of relatively coarse 
uloud particles. Clouds form whenever the air is overcharged 
with moistiire, and often exist ,for days and weeks together 
without depositing snow or rain. The incliviclual particles of 
these c?louds are probably frozen into the seinblance of crystals 
when they expeiience tlie intense cold of the upper air. The 
cloud laden air cm-rents thnt flow iipward and outward within 
iind around our gretit storins. plainly siigged that cloncls are 
blie dross or the iinavailable waste of crystal building rather 
than tlie actual material out of which tlie true crystals are 
formed. We seem to have good grounds for assuming that 
the true snow crystals are formed directly from the minute 
invisible atoms or molecules of water in the air, without first 
assuming a coarse, interniecliate state its c~loucl material. 
While it may be granted that possibly such relatively coarse 
cloud particles may pomess attractive properties for one 
anotsher strong enough to cause thein to unite, yet it seems 
somewhat donbtfnl whether even this union could be accom- 
plished in a manner so coniplete as to leave no trace behind in 
tlie interior stnickire of the crystals when such we examined 
under powerful microscopes. 

The particles forming granular snow may be much larger 
than the common cloud particles, but iiiay still be compared 
with them. When these unite together the dotted, stippled 
appearance of the resulting crystals denotes unerringly the 
imperfect joining of such particles and the noncrystalline 
character of the compouncl crystal. ~‘loucl particles, while 
very niiniite, are yet individually visible to the naked eye when 
viewed under favorable conditions, appearing as a tine, dusty 
iiia~s. As bearing upon this point, it niay be noted that the 
crystallization of R mineral in solution, such as alum or salt- 
petre in water. is uot first preceded by the aggregation of its 
molecules into a coarse intermediate cloud-like state, but is 
accomplisheil by the direct aggregation of the ultimate mole- 
cules of the substance. 

CHRONOLOGICAL LIST OF SNOWSTORM8 AND PHOTOMIOROGRAYHW. 

W e  now pass to the analysis of the photomicrographs of 
iiicliviclud snow crystals secured cluiing the remarknbly favor- 
able winter of 1901-2. The numher of individual crystals is 
very considerable, and the beautiful or odd and interesting 
ones form a large percentage of the whole number; inany of 
theni deserve special inention and prolonged close study. Con- 
sidering them in chronological order, the snow forms of the 
late Noveinber blizzards first demand our attention. Many in- 
teresting and beautiful crystal8 were observed on November 
25, 26. 87, 2S, w r l  30. It is very rare, 
indeed, that perfect fornis occur claring so iiiaiiy consecutive 

1901. 

(See Nos. 700 to 737.) 

days. 

N O I - P W ~ P ~  ~’,~.-~liotoinicrogral,lis Nos. 700-703 are examples 
of long columnar forms, some slightly granular, called in 
Scoreshy’s classification r r  spicnlPe.” No. 702 presents one of 
the oddest and most remarkable crystals ever photographed. 
By some extraordinary combination of circumstances, occur- 
ring during the latter stages of its growth, the aqueous mate- 
rial of which it was built was apparently brought to it from 
one direction only, thus greatly augmenting the growth of all 
parts of the crystal ‘facing in that direction. The general 
weather conditions and the serial numbers of the photographs 
of types of crystals are given in Table 1. The center of the 
storm was over Halifas. Nova Scotia, and the central-western 
portion was over our locality. The predominant types of crys- 
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tala were long needle-shaped columnar fornis, associated with 
granular covered tabular forms. Stratus clouds and low de- 
tached nimbus covered the sky and the higher cirro-stratus 
were probably superimposed on thein.' 

Noue))zbw 2G.-Continuation of the same storin. Crystal 
types mostly tabular. both solid and branching. associated 
Hometimes with doublets; in general the crystals were of large 
size and open structure. The central-western portion of the 
storni was still over our location, aiid as the clay iclvanced and 
the cold increased, the crystals became progressively inore and 
more conipact in structure. Some eighteen different forms, 704- 
721, were photographed on this date and among them, two. Nos. 
716 and 718, are very choice and beautiful. These exhibit a 
rather unusual ttnd notable peculiaiity, viz, a plain or delicately 
lined nucleus contrasted with a brecciated, boldly designed 
external portion; the latter approaching granulation, as though 
the nuclear portion was formed in cloucls that were less dense 
and humid than those in which the outline portions were aclded. 
No. 713 is a fine example of the star shaped forin of crystal, 
eshilliting an estreme aiicl slender development of the six pri- 
mary rays without any corresponding development of the sec- 
ondary rays. Many of the branching forius of this date were 
observed to be broken as though by the action of violent winds. 

Noae))ibrr 27.--Contiiiiiation of the sanie storin. Photo- 
micrographs Nos. 7'22-72ti. C!rgstsl types small, granular, anzl 
irregular, succeeded later by medium sized, rather compact 
crystalline tabular forius and a few doublets. Nos. 722 end 
733 are charming patterns in snow architecture. The crystals 
of this date dropped froiii the clouds of the western edge of 

Noimzlwr .%'.-Rather thin stratus clouds lying above thin 
detached niinbus masses. These last belated cloud legion@ of 
the storni of November 25, 26, and 27 furnished R feu- sniall 
but perfect snow crystals. 

Noivmb~r AO.--Clouils rather thin stratus and nimbus. 
Crystal types wholly tabular of both open and stellate strut.- 
ture. (See Nos. 780-737.) 

Among the seven forms of this date we find much to admire 
in the perfect beauty and syiniiietry of Nos. 731-734. The 
beautiful starfish design exhibited by No. 735 is somewhat 
rare. It is noteworthy that Prof. S. Squinabol, of the Univer- 
sity of Psdua, made drawings of a snow crystal found in 
(ienoa in 1887 that closely resembles this latter one. The star 
with long slender rays deposited during this same storm, on 
November 26 (see No. 712), also closely resembles one (No. 4) 
figured by Squinabol in his work La Navigate. No. 737 is 
another foriii that closely reseinbles some of those secured by 
other observers: it is very similar to some of the photomicro- 
graphs secured by Dr. Neuhaus, of Berlin, during the winter 
of 1893, and published in Dr. G. Hellman's work. 

Ilrceniber J.-Clouds stratus, with detached running niasses 
of low nimbus; probably high cirro-stratus above these. The 
western portion of this cold southern storm passed over our 
locality and furnished a great number of. forms of snow crgs- 
trals that were in general rather small and compact; as will 
be seen by conmlting the photomicrographs Nos. 738-765, 
inany of them are rarely beautiful and spmetrical .  The snows 
of this storm esliibitecl great variety; solid and branching tab- 
ular forms, doublets, and columnar forms were each plentiful. 

The rare beauty of Nos. 745, 748, 758 will appeal to all; 
crystallographers will find much of interest in Nos. 740, 719, 
752, 754. One can but wonder how No. 740 acquired its two 
abnormally large points, and No. 752 its strange aclclitioii 
projecting perpendicularly. This singular addition, an esact 

.y The forms of the siiow crystals seein to show that t.liey niust liarr 
fallen from high cirro-stratus through the lurrer stratus to the ground, 
growing in conip1trsit.y and size as they fell. When tlie upper cloiids are 
hidden we niay judge whether they were present by t.he nature of the sliijw 

' the preceding prolonged storm of the 25th and 2Gth. 

(See Nos. 737-739.) 

crystals. 

counterpart of one-half of the basal tabular crystal upon 
which it rests ancl from which it projects nearly perpendicu- 
larly, shows but imperfectly in the photomicrograph as a dark, 
broad, shadowy line stretching centrally across its greatest 
length. Perhaps the most remarkable thing about this pro- 
jecting addition is itR deviation from the perpendicular. No. 
5624, of January 31, 1901, portrays a rare crystal, possessing 
two vertical additions projecting in opposite directions. 

De!ce,)thr .5.-Thin nimbus clouds on the west edge of the 
storm afforded minute granular crystals ancl solid frost-like 
tabular types. No. 766, secured during the forenoon, is the 
only photomicrograph taken on this date. 

Uecmbw 16.-Clouds stratus and nimbus, probably upper 
cirro-stratus above them. This storni afforded a few perfect 
snow forms and many uuusual odd forms. (See Nos. 767-774.) 
The attachment to No. 769, like a bay window, deserves especial 
study, and we can but wonder whether this singular addition 
was the result of the merging together of two distinct forms. 
The germ crystals and needle-like forms depicted in No. 767 
are worthy of study. The general character of the crystals of 
December 15 is best espressed by the word dia~rxjfiPcl, as 
columnar and needle-shaped forms, solid and branching tab- 
ular forms, and doublets were at one time or other present in 
the snowfall. Many of the doublets were connected by an 
estremely long slender columnar form. The snowfall was pre- 
ceded in the early morning by rain and hail, and relatively 
high temperature. 

Dwember 25.-Dense stratus clouck, with detachecl masses of 
low nimbus; probably cirro-stratus above them. The west- 
central portion of the widespread storm of this date furnished 
a great variety of snow types, among which we find inany most 
interesting forms. (See Nos. 775-779.) Although lacking in 
beauty (except No. 779), they are of great value to the crys- 
tallographer and student. We wonder how No. 775 came to 
acquire its three abnornial points; they seem to be the result 
of design, not accident. No. 778 presents us with another 
crystallographic problem, even iiiore clifficult to solve. How 
came the triangular nucleus to gather around itself such pecu- 
liar and irregular additions? No. 776 is also most unusual. 
We can offer no esplanation as to how the delicate, beautiful, 
and unique cent.ra1 details of No. 779 were acquired. No. 777 
is, if possible of even inore interest than tlie others. The beau- 
tiful and perfect columnar forms seen in this crystal exhibit 
unmistakable evidence of their previous hollow cylindiical 
character; the large cavities outlined plainly within each end 
seem to have been covered or bridged over with outline growth. 
Cf. Nordenskiold and other ohservers have asserted that such 
cavities sonietimes exist within columnar forms ; this crystal 
gives a striking proof of the correctness of the earlier obser- 
vations. Such large cavities, however, seem to be rather rare; 
this is the only esainple I have ever observed of one so large 
sncl so plainly indicated. 

1902. 

,Jn)i unry I.-The extreniely cold and nearly clodless skies 
furnished the very minute frost-like forms to be seen in No, 

Jaiiunry 5.-The clouds of the western edge of the storm of 
.January 5, 1902, furnished a large and splendid set of forms. 
The general character of the crystals is shown in the photomi- 
crographs Nos. 780-797. Nos. 783,785,786, and 788 are esquis- 
ite esamples of the frail, branching type of crystals. while Nos. 
703, 794, and 795 are fine examples of more solid forms. No. 
785 is so rarely beautiful that it is the peer of any in my whole 
collection. No. 796 exhibits the slight granular deposit that 
at times partly covered some of the forms, and No. 781, whose 
nucleus is wonderfully beautiful and perfect, exhibits irregu- 
larities in outline apparently due to a more rapid growth of 
the secondary rays from two of the nisin rays located opposite 

7799. 
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to each other. It is rare, indeed, that large, frail, branching 
forms come to us so symmetrical and unbroken, as clicl niany 
of these. By 
close inspection it will be seeu thzit its nuclear portion was 
built outwardly by a succession of alternate abnoriiinl growths 
taking place from opposite directions, as though by successive 
impacts of crystallic material, first upon one-half and then 
upon the opposite half of the growing crystal. The conil.)i- 
nation of circumstances conducing to such alternate and 01)- 
posite outgrowths niust indeed be remarkable. The slinast 
perfect symmetry assunied by many of the frail, branching 
forms of this series greatly resembles in ideal perfection the 
beautiful drawings of the English observers, Scoresby and 
Glaisher, and .leads us to think that, contrary to the conclu- 
sions reached by some recent observers, such drawings may be 
quite true to nature and more reliable than we have been led 
to suppose. 

The 
southwest portion of the storm of January 10 deposited n 
unique c.ollection of forms. (See Nos. 798-808.) The foiiiis 
were rather small and compact; many odd triangular forms 
and oblong crystals were interspersed among the more commoii 
columnar and compact tabular forms of this snowfall. No. 805, 
or the oblong one, with an addition projecting abnornially, is 
similar to No. 753 of December 4,1901. (See that description.) 
No. 800 is another rare form. Nos. 801 and 808 nre two 
charming examples showing triangular development. I f  we 
may judge by the interior nuclear figure of 801, it WLR at  some 
period of its growth perfectly triangular in outline. No. 807 
shows the granular deposit that collected upon tlie crystals 
during the late afternoon, after low niiiibus clouds had thickly 
covered over the sky. 

A long 
series of magnificent snow crystals was secured from the 
cloucls of the southwest-central portion of the storin or bliz- 
zard of January 18. (See Nos. 809433.) The snow, as usual 
whenever it comes from the central-western portion of n storm, 
consisted of a great variety of types both columnar and tnbu- 
lar, but as the storm's central portion passed farther to the 
east, during the afternoon of January 12, the coluninar forms 
ceased to be deposited. Nos. 811, 818, 821, 822, and 836 pos- 
sess much beauty of design and perfection of form. No. 826 
exhibits the delicate scalloped hesagonal-shaped design, whicli 
we assume to be not a preesisting outline form, but as pro- 
duced by additions to and upon, but not around, the crystal 
after its development had proceeclecl beyond the scallopeil 
addition. Nos. 815 and 833 show abnormalities on one-half 
of each of these forms that render them very interesting; in 
No. 812 we see an almost perfect imitation of iiiany of the 
long tabular crystals of hoar frost. No. 838 is unique in cle- 
sign and is especially interesting by reason of the very minute 
dotted nuclear features. 

January Id.-Stratus and nimbus clouds. Possibly high 
strata present during the forenoon. A continuation of tlie 
preceding storm furnished on this date the interesting set of 
forms, Nos. 834 to 838. The crystals were wholly of the tnb- 
ular form with the exception of a few graniilar foriiis and were 
of medium size. The great beauty of No. 837, and the unique 
and choice design exhibited by No. 836, will appeal to all lov- 
ers of the beautiful. The relatively intense degree of cold 
prevailing while these were formed is worthy of note. 
Jnn unry 19.-Cloucls low nimbus; possibly thin stratus above 

them. The low lying cloucls of the western portion of the 
rather small stom of January 19 deposited tho chnrniing es- 
amples of the frail, branching forms seen in Nos. 839-843. No. 
842 represents quite correctly the general character and out- 
lines of these types from low clouds; during relatively niilcl 
temperatures they are common to the low cloucls of both local 
and general storms. Some of these forms bear a Htriking w- 

No. 793 of the series needs especial mention. 

Am3 u a q  IO.-Clouds cirro-stratus, stratus, and nimbus. 

.Jmunry 16.-Cloucls obscured by heavy snowfall. 

aeiiiblance to certain of the photomicrographs of snow crys- 
tals secured by Herr A. A. Sigson iii Rybinsk-Russia during 
the winter of 1894.' 
An w y  21.-Cloucls high cirro-stratus and thin detached 

nimbus. The southwestern portion of the storm of this date, 
nccompanied by strong Bouthenst winds, furnished the photo- 
micrographs numbered 843-848. No. 845 shows a perfect 
symmetry and beauty. Nos. 844,847, and848 are chiefly valuable 
on account of their oddity. The broken, irregular contour of 
No. 844 tells eloquently of the severe winds it encountered 
somewhere during its flight from cloud to earth. The nuclear 
portion of No. 848 bears evidence of fractures and subsequent 
recrystallizations. No. 843 eshibits forms that presumably 
originated within the upper cirro-stratus clouds that covered 
the sky during this snowfall. Some of these crystals approach 
as nenr to the pyraiiiidal form, which Scoresby asserts he saw 
on one occasion, as do any I have ever observed or photo- 
graphed. 

February T.--C!louds cirro-stratus, a few nimbus. This 
storm contributed Nos. 849-85G, including a few choice fornis, 
of which Nos. 850, 854, 855, and 853 are exquisitely beautiful. 
The acorn design exhibited by No. 854 is quite unique, and 
the interior details within its outlines are faultless. The germ 
crystal, shown in No. 849, quite correctly portrays the charac- 
ter of the first crystals that fell from the high cirro-stratus 
clouds of the southwest portion of this prolonged storm, 
before the presence of lower clouds enabled tlie crystals to 
audergo a more complete and coniples development. In  adcli- 
tioii to those mentioned above, the brotid, leaf-like additions 
to No. 851 are worthy of mention. 

~f'hl*ltflr!/  S.-Clouds stratus nnd nimbus; probably high 
cirro-stratus superimposed above them. A continuation of 
the storin of February 7 aiicl its increase in rigor furnished 
the large and charming set of photomicrograplis, Nos. 857-887. 
This set comprises more forms than were ever before secured by 
ine from any one storm. They fell from the clouds of the south- 
western portion of the storm. Both columnar and tnbulnr 
foriiis were coinmon throughout the snowfall. NOS. 857, 858, 
86@, and 861 are beautiful and very interesting esamples of 
the columnar type of crystals; Nos. 863, 863,864,86fi, and 867 
are beautiful examples of stellate, t n h l a r  forins which partly 
replscerl the columnar fornis as the stoimi progressed. The 
l>eautiful branching crystals, Nos. 881 and 883 portray, in gen- 
eral, the characters of the foimis that successively replaced 
both the solid tabular and columnar forms, as the western 
edge of the storm came nearer. Anioiig other niinibers pos- 
sessing rare interest is No. 859 whiali presents us with another 
esaiiiple of n crystal possewing cine small stunted point. No. 
884 exhibits a most interesting phase of crystallic evolution ; 
i t  is coinposecl of four contigiioiis points, or rather portions, 
and two somewhat stunted portions, also similar to each other, 
but differing widely from the other four. No. 885 shows two 
overlapping additions to two of the points, thus rendering it 
of more than usual interest, and presenting us with another 
seemingly iinsolvable problem in crystallography. The numer- 
ous sniall but often-recurring aclclitions by which the crystals 
continue their growth during intense cold are strikingly exem- 
plified in Nos. 864 and 8G7. For a somewhat brief time during 
the snowfall many forms similar. to Nos. 873 and 873 were 
conimon; associated with tlieae for a brief time were many 
examples of solid tabular fmiiis, possessing radiating interior 
designs similar to Nos. 869 and 874. No. 875 is a fine example 
of the star shaped forms; i t  exhibits a rather extreme and 
slender rlevelopinent of each of the primary rays, similar to 
No. 712 of Novenil>er 36, 1901. A phenomenon that liasbeen 
quite frequentlg'observetI~servecl by me, but rarely i f  ever mentioned 
by other observers of mow forms, is the occurrence of colors 

1 See Hellniaun in Meteorologische Zeitechrift. 1894. Vd. VIII, p. 281. 

. 
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of red or green, or a conibination of both, within the well- 
defined nuclear portions of certain tabular forms. These col- 
ors can usually be seen only by reflected light when the crys- 
tals are viewed obliquely from a certain angle: very rarely also 
they are seen by transmitted light. A number of the more 
solid tabular forms, comprising a part of the snowfall of Feb- 
ruary 8, exhibited these colors in a remarkable degree. some 
of them even by transmitted light. No. 859 is one of tlie lat- 
ter; the red, green. and purplish hues were plainly iliscerni- 
ble within its nuclear portion, while the focussing of  the 
crystal was in progress. Other esaniples of individual crys- 
tals eshibiting this most interesting phenomenon are Nos. 
HG3 and 8GG of this series. The colors were confiuetl to the 
light nuclear portion of No. 863, ancl to the light colored stnr- 
like rays enianating from it!. As regards No. 8(iG, the slightly 
dark plain portions, outlining a hesagonal figure immediately 
surrounding the clelicate long-rayed nuclear @tar, were of a 
beautiful green color, mlien seen at  a certain angle l ~ y  reflected 
light. The colors seem to be the result of some peculiar 
arrangement of the aqueons niolecules of the iiiicleus or cen- 
tral portion immediately contiguous thereto ; t,liey appear 
only in solid, or stellate tabular fornis, i. e., those having a well- 
defined solid talmlar nucleus, and are quite frequently met 
with in sonie snow falls while they are totally absent in others.' 

Another interesting peculiarity pertaining to some of the 
forms of February 8 (and also to a few of those of other dates, 
Bee Nos. 837, 744. and 822) is the appearance within thein of 
concentric circular lines or rings encircling the nuclear por- 
tion. A study of these cim-es was macle by A. W. Waters6 in 
1877. He called them not insptly nieanclering lines, ascribing 
their formabion, doubtless correctly, ' to  a partial melting of 
the forms by enteriug a relatively warm air current, anil to 
subsequent recrystallization around the rounded partly melted 
angles or points of the crystals. 

Febrfimy Ici.--Cllouds low nimbus R n d  rather thin stratm. 
(See photomicrographs Nos. 888-896.) The storm of the 7th 
and 8th continued cluring tlie 9th anil until noon of the 10th, 
and furnished, from the clouds of its extreme western edge, 
many esquisite designs. (The forms collected on the 9th, pre- 
sumably deposited from near the storm's center, were imper- 
fect or covered with granular accretions. ) Nos. 888-896 give 
ample proof of the beautiful designs of the crystnls from this 
portion of the storm. In  addition to the exceptional beauty 
of the intricate design of No. 890 it exhibits such remarkable 
symmetry in its arrangement that it is entitled to rank with 
the finest of this and other winters. 

It is worthy that inany of the forms are filled in with a 
multitude of internal details ancl the coincidence of this feature 
with relatively low temperatures is once more established. 

Ft=bruar!y 19. -Clouds high cirro-stratus. Photomicrographs 
Nos. 897-900. This snowstorm was accompanied by low tem- 
peratures and evolved the characteristic cold weather types of 
crystals, i. e., solid columnar and solid tabular forins. Esam- 
plea of the latter are shown in Nos. 897-900. No. !)00 is a 
charming example of the solid tabular type. 

Frbrtrnry 17.--Cloucls high cirro-stratus. also low clouds clur- 
ing latter part of day. Photomicrographs Nos. 901-CMN. The 
high cirro-stratus clouds, accoinpanieil by low temperature, 
that marked the beginning of the storm of February 17 nnd 
18 furnished the usual small, compact. solid columnnr aud 
solid tabular forms so coiumon with each. The rapid rise in 
temperature, and the subsequent formation of lower clouil 
strata as the storm center approached o w  location. caused n 
gradual progressive metamorphism in the character of tlie 
forms. Nos. 901 ancl 902 are typical of forms evolved near the 
storm's northeast edge, while Nos. !I03 and 904 exhibit those 

5 This must be an illustration of the colors uf t.hin pIstes.-C. A.  
6See Hellmann Bchneekrystclllr, p. 59. 

prevailing cluring the afternoon of February 17. No. 904 is 
very beautiful. No. 903, whicli is but a central section of a 
crystal, portrays the perfection of the nucleus contrasted with 
the broken unsymmetrical esterior portions of the crptal ,  n 
peculiarity common to ninny of this date. 

Ft~I~rtin~y 18.-Clouds unknown. Photomicrographs 906-!)24. 
A continuation of the storm of February 17 brought the central- 
western portion of this storm over our locality and the yome- 
what dense clouds of this portion of the storm furnished a 
large and charming set of forms. The forms, niainly tabular, 
eshibiteil both close and open structures, as shown by Nos. 
910 anil 940, respectirely. There mere many twin crystals in 
the early morningl similar to No. 19. No. 920 i N  esquisitely 
beautiful iu outline, surpassed 1 y  few. if any, in our whole 
collection. 

Fd)r.uary I.Il.-C!louds were low iiinilnis, probably higher 
stratus present during the early part of the clay. In  the niorn- 
ing the crystals were small granular l>alls; these were -suc- 
ceeded by small granular solnewlint solid tabular crystals; 
these in turn were followed by talmlar forms free from granu- 
lation ;. clurillg the afternoon the tal>ular forms, of closer struc- 
ture were replaced lq- cryst:ils of open structure. As the last 
belated cloud legions of the prolongecl storiii of February 17 
and IS were passing overhe:d, cluring the forenoon of Febru- 
ary 19, they contrilmt,eil .a few illore choice esaniples of snow 
crystal architecture, ax souvenirs of the skill of the Divine 
Artist, ancl these iuay I)n seen in Nos. !)23-933. The design 
within the iiiterior of No. 929 is unique and choice. 

C!olumnar forms were illissing among the s n o ~ s  of tliiw por- 
tion of tlie storin, but graniilar snnwlxills (roundish grauulnr 
snow) were somewhat coninion. 

dluir.l~ IX-Witli tlie storm of March l!), the snow crystal 
season of 1902 closed, yet eve11 this belated storm furnished its 
quota of new nucl choice clesigiis. (See Nos. 934-!138.) The bold 
but graceful tlesigii exhibited by No. 935 is well worth study: 
the perfect sylnmetry of Nos. 93G and 9.77 appeals to our artis- 
tic sense ant1 causes tlie eye to linger long upon them. The 
clouds on this date consisted mainly of cirro-stratus and strat.us; 
detached lorn nimbus also present. sonietimes thinly, a t  other 
times thickly, except during the early morning. The photo- 
micrographs show rarious types of snow crystals: in the iiiorii- 
ing minute coluinnar alii1 frost-like forms predominated; during 
the clay tabular forms 1~reilc~niinntei1, lnit there were at times 
doublets and long needle-wliapecl fornis with some graaular 
forms. Douldets were connected by estreinely long columnar 
bars. In the afternoon large opeu f e n  aiid stellar forms 
nppeared. 

In concluiling this inentioil of iniliyidual forms, it is worthy 
of  note that, during previous winters, occasionally single in- 
dividud crystals, mid more rarely larger numbers of such, 
produced during the storms of this winter, resembled closely, 
in outline or interior details, or oddity, one or more of the in- 
cliviclnal forms found among the mows of previous winters. 
The recurrence of similar types, after perhaps long intervals 
of time have elapsed, is a phenonienon of great interest. 

In  conclusion, i t  may be worth noting that by the adilitioii 
of over 300 plates during the past winter, the number of indi- 
vidual photomicrographs of crystals in our cnllection is brought 
up to somewhat over 1,000, no two of which nre alike. This 
completes also our sevent,eenth year of photographic work 
nniong the snow crystals. 

111 view of this large collection. eacli individual crystal of 
which varies in one or I n : q  particulars froin any other, the 
question now naturally arises: Is there no limit to the niim- 
her of distinct forms, or may we assunie that, if our study 
be sufticiently prolonged, there will come a time when nevi 
patterns mill rarely or never be found, most of the designs 
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being merely reproductions or cluplicates of those already 
photographed? A partial aiiswer to this query seem to be 
indicated by the vast number of new patterns that were 
obtained from the past winter's storms, greater than any pre- 
vious single winter has furnished. This fact, coupled with 
the certainty that the number of individual crystals that go 
to form the snowfall of even one storm, is so vast that one, or 
many observers, may never hope to find ani1 see anything 
inore than an absolutely insignificant fraction of the whole. 
leads us to the conclusion that, during all future time and so 
long as there shall be observers to search for them, new 
designs will continue to be found to delight the eye with their 
beauty. 

Another interesting thought that arises is: That it is 
extremely improbable that anpone 1 1 ~  as get fonntl, or, indeed, 

ever will find, the one preeminently beautiful and symmetiical 
snow crystal that nature lias probably fashioned when in her 
niost artistic mood. 

In  closing, it seems hardly necessary to add that this most 
chaiiiiing and delightful branch of nature study is as yet at 
its heginning; it still possesses the chaim of novelty; many of 
its probleiiis are unsolved, and many will find its pursuit a 
source of great pleasure and instruction. 

CORRIGENDA. 

On page 397 of the ~TONTHLY WEATHER REYIEW for August., 
1902, below the title of the article on "Ocean Currents," in- 
sert .' Reprinted with slight changes, from pages 135-142 of 
the National Geographical Magazine. 

- ._ - -. - 

REPORT OF THE CHIEF OF THE WEATHER BUREAU FOR THE FISCAL YEAR ENDING JUNE 30, 
1902. 

rinird i)cIdwr 15, 1YW. 

I have the honor to ~nbmi t  n report of the operations of the 
Weather Bureau tlunng the fiscal year that eiitletl .June 30, 
1902. 

FOREl'AS'l'H AND WAHNINCiH. 

Tlie iiiont iinportniit, tmpic-al ntc iriii ( i f  the year ap1xwwl first 
RH a feel~le disturlxmc~e ill tlie nuhtropical region north of  Cu1)ti 
Augiint 9, 1901. It ~dvanced theiioe over the woutliern part 
of the Florida Peiiiiinula during the loth and 11th. :mil re- 
wrved mestwaril over the CSulf of Mexico l y  the moriiiiig o f  
tlie 12th. Moving wentward tlie storm iiicrensetl greatly in 
intensity during the l%li niid l&h, nnd duriiig the 14th slid 
16th it recurved northward over tlie LouiHiaiia coast. attended 
by galen of hurricane force. Warnings iii coiinec+inii wit11 
this storm were l~egiiii on the 10th. The estiinatecl clnmige 
to property nliiiig the Louisiana const niuouiitetl t i )  over 
$1,000,000, ani1 sccoriling to the estimate of the xwrettrry i i f  

the Mobile C!haniher of Coiiimerce the ralue i i f  pri i p r ty  s:iwcl 
11-y the warnings of the Weather Burem aggregatetl sewr:d 
inillioiin of clnllnrs. 

Tlie North Atlantic slit1 Went Iiiilinii ftirev:iht4 :mil storill- 
\vsniing ner&e was i~oiitiiiuerl in succeswful oper:ttioii iluriiig 
tlie year. Forecasts, for the first three clays out,  for the iise of 
nteainers bouiid for European ports were issued daily st H :t. 111. 

aiid 8 1). ni. ; American alii1 Europeaiii shipl~ing iiiterewtx were 
iiotifiecl of the character ani1 1wobable C O I I ~ H ~  o f  tlie ~ i i ~ ) r e  
severe storms that p a ~ ~ e i l  rnstwnrd froiii the Aiiieriaaii (wiist. 

The following letter, clatrd Niireni1)er 15, 1901. :idilresr;etl 
1)y the secretary of Lloyil'n, Loiiiloii, to tlie Chief o f  the United 
States Weather Bureau. a t  Rashingtoii. indivaten tlie degree 
of interest that is being taken in the Weather Bureau wirii- 
iiigs by repreneatatires of the iwinnierc*ial mil nliipping iiit,er- 
ests of the North Atlantic: 

I am instriwted to  espress to  you the best thanks o f  the cimniittw of 
Lloyd's ror the forecasts of bad weather in the Atlantic with which you 
have been so good as to allow them to be favored, and I ani desired to 
convey to  yvu the congratolntionw of my committee on thc infallihility 
o f  tlie preilictionw that have been supplied by these forecasts. 

0 1 1  tlie iiioriiiiig of NovemLer 1, 1901, tlie following iiien- 
nage was telegmplied to the Weather Bureau offic.es at  Haiiiil- 
ton, Beriiiuda; New York, N. Y. ; Philnclelphia, Pa.; niid Boston, 
Mass. : cr  Severe ilinturbsnce iuoving northward east of Turks 
Islaiiil will 1m)l)al>ly pass iienr Beriaudn Satur(la-y.',-." 

The following article from tlie Beriiiurla Colonist of Novei~i- 
1)er (i, l f t o l ,  verities the accurac.y of the ailvices fiiriiished: 

The hurricane that was predicted Iiy the Washington Weather Bureall 
for Saturday ai-rived on tinie and raged aiountl the islands for twelitg- 
foiir hours. All the incoming stpaniers were delayed in coiisequenct., ant1 
those that  were southward h u n d ,  the New York mail steamers especially, 
experienced esceeclingly heavy weather. The growing cmps throughout 

tlie coloiiy have si~lTered soniewhat. nncl the storm daninge to property 
hm been considerable. The principal daniage reported has Iiren owa- 
shined to  government property about the iklands in the Great Sound, 
where the prisoners of war are interned, and it is said that the prelimin- 
ary estiniate of the clainage reaches the wnni nf &WMML Reports froin the 
wwtwvitrd htate that the (*ontractors for t h e  dock-yard extension works 
haw also sustaineil wnie loss; a large hoat used fnr winveying laliorers 
and a large quantity of balk tiinher got adrift. 

The tirnt general frost-bearing cviol wave of the fall of 1Ho1 
swept from the aortlieaeterii Rocky lUomitsiii slope noutliward 
to Arknnsas and Teinirnnerb niirl eastward to the North Atlantic 
coast States. cluriiig Septeiii1)rr 17-90. Ainple wnrnings were 
LZistri1)utetl tliroughout tlie (listrictn visited 1)y the front,s of 
the period referred to. 

Tlie iwld \v:&ven ( i f  Dec.eiiil)er, l!N)l. were ex~*eptiuiidly severe 
iu tlie Lake region. the rriitral valleys, and tlie Southern 
States. The followiiig are ti111o11g press coiiiiiie~ltx made re- 
garding tliene ~ ~ l d  waven: 

The1 trild-wave warning was insued fully thirty-sis Iiorii% in advance of 
the cold changes; it was telegraphed to all the iniportant towns of the 
State, from which pnints i t  was distributed by mail. It is learned that 
the inforination was posted in over 1500 places in thn State yesterday 
morning, which demonstrate6 the very thorough mid rapid system the 
Weather Bureau now lias for getting such warnings before those who arc 
actually interestetl.-llionlgomPr!! ( Ala. ) Adiqertiaer of Demniber IO, 1.901. 

There has heen wine injury in the citrus-fruit and winter-vegetable 
districts, hut, thanks to the early warnings of the Weather Bureau. those 
who know how to burn and smoke as a preventive from frost effects saved 
much property and gave a new denitinstration of the efflcacy o f  tlie pro- 
tective measures which have been hrought to high developnimt in Cali- 
Iornia.-Pac@e Ricrd Prese. Han Francisco. Ikrentbrr I ; ,  1911. 

The Weather Bureau gave ample notice of the coming of the cold \vave, 
'itnil its predictions have seldom been inore accurate as to the extent of 
the wave, the territory that would he affected by it, aiid the degree of 
c*olrl the thernioineter would remid: and this warning did much to prw 
vent any serious damage to  the cane crop fiwm the freeze by giving the 
planbrs time to prepare for it.--Nero 0rlenlu-1 Tittte#-DenioCr(rt, IeePmbpr 
I:.  1911, editorial. 

Much credit is due the Pittslmrg station i i f  this Uiiited States Weather 
Bureau for its truthful and timely predictions in the reeent sudden 
ehangrs of weather in this section. Warnings far in advance of the first 
local intimation of a cold snap were sent to shippers of perishable goods, 
and thus much daiuage was averted that otherwise wiiuld have resulted. 
When the continuous rains and heavy snows set in, warnings were also 
sent out notifying piwprrty holders of the imminent tlanger of a flood.- 
PlttRbarg Poet. Deatnber IG. 1907, editorial. 

The following warnings, telegraphed from Washington to 
Jacksonville for distribution in Florida, resulted in the pro- 
tection of more than ~1,000,000 worth of fruit, vegetables, a id  
other property, and a direct saving of $640,000: 

WASHINGTON, D. U., Dewnkber, I?, 1.901. 
('enter i i f  low niobing rapidly southeastward over Gulf. Yininiuiu 

teinperature to-night in central and mirth Florida will equal last night, 
and outlook is for lower temperature Friday night. All precautions 
against clamage hy cold justified for next two nights. 


